Charge dependence of the absorption spectra Figure S1 : Calculated absorption spectra for dimer A assembly of the Ag 391 nanorod dimer with +2 (black line) and -2 (red line) total charge. Part a) shows the longitudinal peak for different charges whereas b) shows the rest of the spectra. A FWHM of 0.05 eV is employed for this comparison.
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Electronic structure and excited states of the Ag 55 monomer
Scheme S1: Electronic structure of Ag 55 monomer nanorod calculated with DFT and DFTB. Figure S2 : Density of States (DOS) for the occupied levels (Scheme S1) of Ag 55 monomer nanorod calculated with DFT and DFTB. Figure S3 : Occupied-unoccupied pairs of Kohn-Sham orbitals that contributes significantly to the longitudinal peak of the Ag 55 nanorod as shown in Table S1 . In a), we show a singly degenerate transition, which can be designated as a σ g ® σ u transition in cylindrical symmetry. In b), we show the doubly degenerate π u ® π g transition.
Electronic structure and excited states of the Ag 55 dimer
Scheme S2: Bonding and anti-bonding interactions between monomeric orbitals and the resulting electronic structure of the dimer assemblies of the Ag 55 nanorod. We note that only orbitals that significantly contribute to the longitudinal peak of the dimers are shown here. The interactions between monomeric orbitals are illustrated in Figure S5 . For dimer A, the degeneracy of the p level is lifted due to the broken symmetry, resulting in a different interaction picture for p y (where the y axis represents the vector between the nearest-neighbors of two nanorods in dimer A geometry as shown in Figure S4 ) and p x (the x axis represents the direction perpendicular both to the y-axis and the long axes of the nanorod monomer). Both DFT and DFTB predict a similar electronic structure for the dimers. However, there is considerable difference in the predicted DE p (the energy difference between bonding and anti-bonding combinations of p levels in dimer A) and DE s (the energy difference between bonding and anti-bonding combinations of s levels in dimer B). DE p is calculated to be 0.28 and 0.15 eV with DFT and DFTB respectively, whereas DE s is calculated to be 0.13 and 0.09 eV with DFT and DFTB respectively. In a), we show the σ g +σ g level of the dimer A. Due to the small overlap between monomer orbitals, bonding and anti-bonding levels remain approximately degenerate for the dimer electronic structure as shown in Scheme S2. In b) and c), we show the p y +p y and p x +p x levels of dimer A, respectively. For the former, there is significant overlap between monomeric levels, which results in an energy difference between bonding and anti-bonding combinations. In comparison, combinations of p x levels exhibit an approximate double degeneracy, due to the small overlap between these levels dictated by the symmetry of the system. In e) and f), we show the bonding combinations of σ g and p u levels, respectively, for dimer B. In this assembly, there is a large overlap predicted between monomeric σ g levels, whereas the orbital overlap is small for the p u levels, which is opposite of the case in dimer A. Figure S6 : a) Calculated bonding energy and b) HOMO-LUMO gap of the Ag 2 system at various bond lengths at DFT (PBE/DZ) and DFTB levels of theory. In this system, the HOMO-LUMO gap originates from the bonding and anti-bonding combinations of atomic valence s orbitals of Ag, and the energy difference between these levels are determined by their strength of overlap. For both bonding energy and the HOMO-LUMO gap, DFTB shows a considerable underestimation compared to DFT when the bond length is between 3.5-6.0 Å. Part of this difference may be attributed to the minimal basis set nature of DFTB.
